Abstract. For the sake of improving green energy-saving efficiency of the radio communication system,we proposed a green energy-saving algorithm for multichannel communication system based on the energy consumption model analysis. Firstly, mathematical model of the multi-channel energy consumption minimization problem was built. Secondly, we used PSO algorithm to solve mathematical model, and annealing operation of simulated annealing algorithm was introduced into the PSO algorithm, which would prevent the local optimal solution and promote the speed of solving. In the end, we used the simulation contrast experiments to test our algorithm performance. The results show that our algorithm can meet different user service requirements, and can reduce total transmission power and energy consumption of the system, which is in favor of environment protection.
Introduction
Along with the popularization and mature of computer and moving communication technology, mobile user data increase sharply, which brings soaring energy consumption and environment problems. Energy consumption has attracted extensive attention, and the energy related economic cost has reduced the telecom profits. Therefore, we proposed the green communication technology to save energy. Green communication technology not only reduce emission of CO 2 and disadvantageous effect on environment, but also reduce telecom economic cost, which has become the current research highlights all over the world [1] [2] . For the sake of system power reduction and improving energy utilization, we proposed a new green energy-saving algorithm for multichannel communication system. Firstly, we built a mathematical model for multichannel power consumption minimization problem. Secondly, we used combinational algorithm of SA(simulated annealing algorithm) and PSO (particle swarm optimization algorithm)to solve this model. In the end, we used the simulation contrast experiments to test our algorithm performance.
Power Consumption Minimization Problem of Multichannel

System Model
Assuming that all channels are free and can be used by cognitive radio system, the power consumption minimization problem of multichannel can be described as following:
Where, n is the number of channels, b is target speed, p n is transmission power of branch n, ˆn P is system energy consumption, andb n is real speed of branch n.
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Energy consumption model
The system energy consumption of branch n also can be modeled as following:
Where, n η is the average efficiency of PA in branch n.
The approximate model of average PA efficiency is :
Therefore, the energy consumption expression of channel npower amplifying system is:
Informed by expression (4), the power consumption of the system depends on active channel number. And we can convert the problems into transmission power minimum value problem, under the condition of satisfying target certain rate limit, and under the condition of system power minimum consumption [12] .Supposing in the multi-channel and SNR(signal to noise ratio) known conditions, we choose N channels of these as active channels to transmit power, and at this moment, total power consumption of the system is as following:
.max max.
Where, N is the number of active channels. As a result, we list the Lagrange equation about PA minimum transmission power:
In equation (6), we get P n and λ partial derivatives as following:
For the equation (1), we used combinational algorithm of SA (simulated annealing algorithm) and PSO (particle swarm optimization algorithm) to solve it.
3 Simulated Annealing Particle Swarm Optimization Algorithm(SA-PSO)
particle swarm algorithm
In the PSO, each initialized particle represents the solution of optimization problem, and each particle can be evaluated its quality by fitness function in each iteration process. And in the searching process, each individual particle's optimal solution and whole population's global optimal solution are updated constantly. In the next iteration, each particle's speed and position are updated by tracing two extreme values in the last iteration. Accordingly, we get the global optimal solution by constant iteration. The equation of speed and position are as following:
Where, d is the dimensions of solution space, i is the particle number in the population, ωis the inertia weight, k is current iteration number, c1,c2 are the acceleration factor, r1, r2 are the random number in [0,1] interval.
simulated annealing algorithm
simulated annealing'algorithm is a kind of heuristic algorithm with high partial search ability, whose simulated solid annealing process is suitable for solving large scale combinatorial optimization problem, and uses Metropolis criteria to accept probability P of the optimal solution, as following:
Where, f(i) is the objective function of the problems, t is controls parameter [14] . Supposing that T(t) represents temperature at t moment, then SA simulates cooling way as following:
Sphere function has only one global optimal value; Griewank function is not smooth and continuous in the near global optimal value; Rastrigin is pathological function hardly finding the global optimal value; the running results of PSO and SA-PSO is as shown in figure 2. Informed by figure 1 , the convergence rate of SA-PSO is much better than comparing algorithm in all functions, which indicates SA-PSO has much better global search ability, convergence accuracy and rate. 
Simulation Environment
In order to test the green energy-saving performance of SA-PSO, we choose Matlab 2012 to make simulation experiment under the condition of Windows XP with P4 double cores CPU and 4GRAM. At the same time, we carry on comparison experiment between SA and PSO to make this article more convincing.
Energy utilization comparison
For 3 channels communication system, energy utilization of several algorithm is as shown in figure 2 . Informed by figure 2, compared with the single SA or PSO, the average energy utilization of SA-PSO is the highest, and the energy-saving efficiency is greatly improved up to75.02%, which is far more than 61.33% of SA or 66.08% of PSO. This mainly because SA-PSO integrates GA (genetic algorithm) strong global search ability and SA strong local search ability. This algorithm can overcome the local optimal solution and choose maximum SNR channel to use, and can minimize transmission power, which could achieve the energy-saving effect. 
performance analysis of different channels
In order to further test SA-PSO universality, we take three different user service requirements into account, as shown in table 1. Pattern 1 is used in video communication, and pattern 2 is used in voice communication, and pattern 3 is used in LDR (low data rate). The maximum bit error rate, data rate and total transmission power of different algorithms for different patterns are shown in figure2. Informed by figure 2, in the condition of meeting different customers service request, total transmission power and maximum bit error rate of SA-PSO is minimum, and the data rate is maximum. The results indicate that SA-PSO can efficiently reduce energy consumption, and is more in favor of environment protection.
Conclusions
Green, cognitive radio is a kind of green communication technology. In order to improve energy utilization and reduce energy consumption, we propose a green energy-saving algorithm based on the energy consumption model analysis, and make performance analysis by simulation experiment. Simulation experiment indicates that compared with other algorithms, our algorithm not only reduce total transmission power of the system, but also better meet customer service requirements for quality.
